Objective: To determine whether lung function alters asthma severity based on symptom history in asthmatic adolescents.
ume in the first second of expiration (FEV 1 )/forced vital capacity (FVC), were in the normal range. Distribution of severity (based on symptoms and ␤ 2 -agonist use with adjustment for regular inhaled corticosteroid use) was 48.3%, mild; 28.8%, moderate; and 22.9%, severe asthma. For severity based on percentages of predicted FEV 1 and predicted forced expiratory flow, midexpiratory phase (FEF 25%-75% ) and FEV 1 /FVC, the percentages were 89.8%, 86.4%, and 63.5%, mild; 9.3%, 10.2%, and 18.6%, moderate; and 0.9%, 3.4%, and 17.8%, severe asthma, respectively. When percentages of predicted FEV 1 or predicted FEF 25%-75% or FEV 1 /FVC were added to symptom severity, 6.8%, 5.1%, and 16.9% of asthmatic adolescents were reclassified into another severity group, respectively.
Conclusions:
The majority of asthmatic adolescents have normal lung function despite experiencing significant asthma symptoms. Adding FEV 1 /FVC to symptom history changes the distribution of severity; however, both percentages of predicted FEV 1 and FEF 25%-75% have little added effect in assessing asthma severity in adolescents.
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A STHMA GUIDELINES HAVE been developed to aid in the evaluation of asthma severity and control and assist in determining optimum treatment regimens. Invariably these guidelines include a measure of lung function, commonly forced expiratory volume in the first second of expiration (FEV 1 ) or peak expiratory flow rate (PEF), 1, 2 in addition to asthma symptoms. Because patient symptom recall is generally considered unreliable, with approximately 25% of patients either underestimating or overestimating the severity of their symptoms, 3 an objective measure of lung function is thought to strengthen the subjective assessment of asthma severity provided by the clinical history. Several studies of asthma severity in children have shown that lung function, and in particular FEV 1 , is in the normal range in the majority of children, including in children with severe asthma. [4] [5] [6] In addition, asthma symptom frequency correlates poorly with FEV 1 and PEF. It has been suggested that it may be more appropriate to use FEV 1 /forced vital capacity (FVC) or forced expiratory flow, midexpiratory phase (FEF 25%-75% ), which measures airflow in the smaller airways, for objective assessment of asthma severity in children and adolescents. 4, 6 The National Asthma Education and Prevention Program Expert Panel Report 3 (NAEPP EPR-3) 7 has responded to these findings and no longer recommends PEF in the assessment of asthma severity. FEV 1 /FVC has been included together with percentage of predicted FEV 1 . It remains unclear as to whether an assessment of lung function aids in determining asthma severity, particularly in the child and adolescent age groups. Including spirometry adds significant extra work for the already busy practitioner, and indeed, it has been shown that PEF is more commonly used by general practitioners rather than spirometry to assess asthma severity. 8 We have conducted a study investigating asthma disease severity in a random general population sample of asthmatic adolescents to determine whether adding spirometric parameters (percentage of predicted FEV 1 , FEV 1 / FVC, and percentage of predicted FEF 25%-75% ) to a disease severity classification system based solely on symptom frequency and ␤ 2 -agonist use alters the assessment of disease severity sufficiently to justify its use.
METHODS

SUBJECT RECRUITMENT
Subjects were recruited from 5 schools that had participated in the Wellington International Study of Asthma and Allergies in Childhood (ISAAC) Phase III survey of asthma symptom prevalence. 9 These schools were chosen because of their proximity to the study center. Potential asthmatic adolescents (n=224) and nonasthmatic adolescents (n=595) were identified from the ISAAC Phase III study from their response to the question "Have you had wheezing or whistling in the chest in the past 12 months?" From this group, 136 asthmatic adolescents and 134 nonasthmatic adolescents consented to participate in a further study. At the study visit, a further questionnaire based on the ISAAC Phase III questionnaire and including additional questions on medication use for the 12-month and 2-week period prior to the clinic visit was completed. Final assignment to asthmatic or nonasthmatic status was determined from this questionnaire. Asthmatic adolescents had a history of wheezing or whistling in the chest in the last 12 months and/or any asthma medication use in the last 12 months. Nonasthmatic adolescents had no current wheeze, no history of asthma, no nocturnal cough in the last 12 months apart from that associated with a cold or chest infection, and no asthma medication use in the past 12 months. Sixteen subjects were excluded because they did not meet the definitions for asthma or nonasthma either because of a history of asthma but no current symptoms or an ambiguous response to the relevant questions. A further 8 subjects were excluded because they were unable to be contacted after indicating a willingness to participate in the study, 11 were unable to perform adequate spirometry, and 11 were excluded because of medication use, such as ␤ 2 -agonist, within 6 hours prior to spirometry.
The study visit was deferred if subjects had had an acute exacerbation of asthma or respiratory tract infection in the previous 4 weeks. Subjects with chronic illnesses other than asthma were ineligible. School decile rating was used as a proxy for socioeconomic status, ranging from 1-10, with a rating of 10 equating to the highest socioeconomic group.
Ethical approval for the study was obtained from the Wellington Ethics Committee (00/03/010). Written consent was obtained from school principals and from each child in the study and their parents.
SPIROMETRY
Lung function was measured as the best of 3 reproducible forced expiratory maneuvers (EasyOne Spirometer; ndd Medizintechnik AG, Zurich, Switzerland). The spirometer was calibrated daily with a 3-L calibration syringe (Hans Rudolph, Inc, Kansas City, Missouri). Predicted values for lung function parameters were determined using the National Health and Nutrition Examination Survey III prediction equations.
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SYMPTOM AND LUNG FUNCTION CLASSIFICATION OF SEVERITY
Asthma symptoms were classified as mild, moderate, or severe based on the NAEPP EPR-3 guidelines. 7 This included frequency of wheezing attacks, nocturnal symptoms, and frequency of ␤ 2 -agonist use and daily symptoms in the 2 weeks preceding the study visit (unadjusted symptom severity) ( Table 1) . Adjustment was made for regular inhaled corticosteroid (ICS) use by moving the severity level up one step (ie, mild to moderate and moderate to severe [ICS-adjusted symptom severity]). For asthma severity using percentage of predicted FEV 1 , FVC, and PEF, mild asthma was defined as 80% or more; moderate asthma, as 60% or more and less than 80%; and severe asthma, less than 60%; for percentage of predicted FEF 25%-75% , mild, moderate, or severe asthma was defined as 65% or more, 50% or more and less than 65%, and less than 50%, respectively 6, 10 ; and for FEV 1 /FVC, mild, moderate, or severe asthma was defined as 80% or more, 75% or more and less than 80%, and less than 75%, respectively, using the NAEPP ERP-3 guidelines cutoff points.
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DATA ANALYSIS
All analyses were carried out using SAS (SAS Institute Inc, Cary, North Carolina). Lung function was expressed as median values and interquartile range. Comparisons between groups were made using the 2 test and Fisher exact test. 11 The Wilcoxon rank sum test was used to determine significant differences between nonparametric data. A value was calculated to assess the agreement between tests. A P value of Ͻ.05 was considered significant.
RESULTS
SUBJECT DEMOGRAPHICS
There was no significant difference in the distributions of the asthmatic adolescents and nonasthmatic adolescents by age (mean, 14.9 and 15.1 years, respectively), sex (26% and 32%, female, respectively), or ethnicity (81% and 83%, European, respectively). This study included subjects attending schools with decile ratings ranging from 5 to 10 (ie, lower socioeconomic groups [school decile [1] [2] [3] [4] were not included). There was no difference in the distribution of asthmatic adolescents and nonasthmatic adolescents in school decile rating. Five percent of asthmatic adolescents were smokers compared with 1% of nonasthmatic adolescents. Just more than half (52.5%) of asthmatic adolescents reported ICS use at some time; however, only 24% reported regular ICS use. Of the 118 asthmatic adolescents included in the study, 89% responded positively to the question "Have you ever had asthma?"
BASELINE SPIROMETRY
For the nonasthmatic adolescents, the percentages of predicted FEV 1 and FVC values were all very close to 100% ( Table 2 ), suggesting that the reference values from the National Health and Nutrition Examination Survey were appropriate for use in New Zealand adolescents. 10 Asthmatic adolescents had significantly lower percentages of predicted values for FEV 1 and FEF 25%-75% and lower values for FEV 1 /FVC than nonasthmatic adolescents but not for percentages of predicted FVC and PEF ( Table 2 ). The median values for asthmatic adolescents for all spirometric parameters, apart from FEV 1 /FVC, were in the normal range (ie, for percentages of predicted FEV 1 , FVC, and PEF, Ն80%; for percentage of predicted FEF 25%-75% , Ն65%) ( Table 2 ). For the complete asthmatic group and all levels of asthma severity, FEV 1 /FVC was less than 85%, the value given as normal for FEV 1 /FVC in the NAEPP EPR-3 guidelines for this age group.
SEVERITY AND LUNG FUNCTION
The median values for FEV 1 /FVC and for percentage of predicted FEF 25%-75% were significantly lower in the severe asthmatic adolescents compared with the mild asthmatic adolescents (Table 2 ). There were no significant differences among the 3 symptom severity groups for percentage of predicted FEV 1 , percentage of predicted FVC, and percentage of predicted PEF and no significant differences between moderate and severe asthmatic adolescents for all spirometric parameters.
ASTHMA SEVERITY DISTRIBUTION
Using the adjusted symptom severity definition, 48.3% of asthmatic adolescents had mild, 28.8% had moderate, and 22.9% had severe symptoms ( Table 3) . Without adjustment for regular ICS use, the distribution was 54.2%, mild, 36.4%, moderate, and 9.3%, severe. The distribution of severity based on percentage of predicted FEV 1 alone was mild, 89.8%; moderate, 9.3%; and severe, 0.9%; on FEV 1 /FVC was mild, 63.5%; moderate, 18.6%; and severe, 17.8%; and on percentage of predicted FEF 25%-75% was mild, 86.4%; moderate, 10.2%; and severe, 3.4% (Table 3 ). When lung function was added to the adjusted symptom severity distribution, percentage of predicted FEV 1 or FEF 25%-75% caused little change in distribution, with only 6.8% and 5.1% of asthmatic adolescents changing severity, respectively. Adding percentage of predicted FEV 1 or FEF 25%-75% to the unadjusted symptom severity caused a change in severity for 7.6% and 4.1% of asthmatic adolescents, respectively. The change in distribution was much greater for FEV 1 /FVC, with 16.9% of subjects changing severity for the adjusted symptom severity and 22.9%, for the unadjusted symptom severity. Combining both percentage of predicted FEV 1 and FEV 1 /FVC caused a change in severity for 20.3% of asthmatic adolescents for the adjusted symptom severity and 26.3% for the unadjusted severity. Values were calculated to assess the agreement between the severity classifications. There was no agreement with symptom severity and severity based on percentage of predicted FEV 1 (=−0.04 for adjusted ICS severity and −0.08 for unadjusted severity) or on percentage of predicted FEF 25%-75% ( = 0.02 for adjusted ICS severity and 0.09 for unadjusted severity) and minimal agreement with FEV 1 /FVC ( = 0.18 for adjusted ICS severity and 0.14 for unadjusted severity).
The disparities between the classification of asthma severity based on symptoms and that based on percentage of predicted FEV 1 and percentage of predicted FEF 25%-75% lie mainly in subjects with moderate and severe symptom classification having an FEV 1 of 80% or more predicted or FEF 25%-75% of 65% or more predicted. Specifically, 91.2% (31 of 34) of subjects with moderate symptom severity (adjusted for ICS use) had mild asthma ac- 
COMMENT
In this study, we found that in the large majority of asthmatic adolescents in this group recruited from the general population lung function was within the normal range, apart from FEV 1 /FVC, where median values for all levels of asthma severity were less than 85%. In determining disease severity, a single assessment of percentage of predicted FEV 1 or percentage of predicted FEF 25%-75% added little further information to the severity classification obtained using symptom questionnaire responses. In contrast, adding FEV 1 /FVC to asthma symptoms altered the distribution of severity for 17% of subjects. For severity distribution based on all these 3 lung function parameters, there was minimal agreement with that based on asthma symptoms and ␤ 2 -agonist use with and without adjustment for ICS use. This study recruited a random sample of asthmatic adolescents and nonasthmatic adolescents from the general population rather than from subspecialty clinics. The findings of this study are therefore directly relevant to the general population and in particular to the use of spirometry in assessment and management of asthma in adolescents in general practice. The findings may not be applicable to a population of asthmatic adolescents attending specialty clinics, where asthma symptoms and lung function are likely to be more severe than in this population. However, lung function has also been found to be normal in the majority of students recruited from tertiary care asthma clinics, 4, 6 suggesting that lung function is normal in the young asthmatic population throughout all levels of asthma severity. Similarly, a mismatch between asthma symptoms and lung function in adolescents with more severe asthma has been found, suggesting this finding is also true in general for young people with asthma.
In a cross-sectional population where a proportion of subjects are using medication to control their symptoms, classification of asthma severity should also include intensity of treatment, particularly ICS use. Regular ICS use is likely to reduce asthma symptom frequency and categorize an individual with milder asthma than when not using medication. We have adjusted for regular ICS use in this group of asthmatic adolescents by increasing the level of severity one step in those subjects taking their ICS regularly. We have based this adjustment on the findings of Bacharier et al 4 (ie, that the determination of asthma severity in young people with asthma worsens when medication use is included with symptom frequency in severity assessment) and the recommendations in the 2005 Global Initiative for Asthma (GINA) guidelines. 12 It is possible that the adjustment we have made has defined more subjects with severe asthma than is actually the case. However, we also conducted our analyses without making an adjustment for regular ICS use (ie, using symptom frequency and ␤ 2 -agonist use only in the definition of asthma symp- a Values are expressed as percentage of total number of asthmatic adolescents (n = 118) and total number of adolescents. Symptoms were added in a stepwise fashion in order of increasing severity (as listed) to the frequency of baseline wheezing attacks in the last 12 months. Regular ICS use was adjusted for by moving severity up 1 step (ie, mild to moderate and moderate to severe). Each lung function parameter was added to the final combined symptoms/␤ 2 -agonist use/regular ICS use severity distribution. For FEV 1 , % predicted, mild, moderate, and severe asthma were defined as 80% or more, 60% or more and less than 80%, and less than 60%, respectively; for FEF 25%-75% , % predicted, as 65% or more, 50% or more and less than 65%, and less than 50%, respectively; and for FEV 1 /FVC, as 80% or more, 75% or more and less than 80%, and less than 75%, respectively. Agreement between severity distribution was based on final combined symptoms/␤ 2 -agonist use/regular ICS use and each lung function parameter was assessed using values. tom severity). Naturally, fewer subjects were classified as having severe asthma with this classification (mild, 54%; moderate, 36%; and severe, 9%). The effect of adding the lung function parameters to symptom severity was greater for FEV 1 /FVC, with 22.9% of asthmatic adolescents reclassified as having more severe asthma, minimal change for percentage of predicted FEV 1 , and less for percentage of predicted FEF 25%-75% . Combining percentage of predicted FEV 1 with FEV 1 /FVC resulted in a 26.3% change in severity as compared with a 20.3% change using the symptom severity adjusted for regular ICS use. The overall conclusion, therefore, that adding either percentage of predicted FEV 1 or percentage of predicted FEF 25%-75% to symptom severity causes minimal change in severity classification, is not altered by adjusting for regular ICS use in this study.
It may be argued that some of our subjects did not have asthma because we did not use a physician diagnosis of asthma to determine asthmatic status. Rather, we defined subjects as having current asthma based on a selfreport of wheeze in the preceding 12 months. Using only a physician diagnosis of asthma excludes a significant proportion of the population with wheezing symptoms. This was shown in a large study of children aged 12 to 14 years, where 17% of children with current asthmalike symptoms did not have a diagnosis of asthma.
12 The ISAAC questionnaire, on which the questionnaire used in this study was based, has been shown to have both a high sensitivity and specificity for physician-diagnosed asthma. 13 Another study of asthma diagnosis in New Zealand has shown a similarly high sensitivity and specificity of wheezing in the last 12 months for a diagnosis of asthma.
14 Although it is possible that we have included some subjects without asthma as asthmatic adolescents, the survey instrument we used to identify those with asthma has been shown to have sufficiently high sensitivity and specificity to be used with confidence for this purpose.
It is possible that asthma severity has been misclassified because of inaccurate recall of symptoms by our subjects. We based our severity classification on both shortterm recall (symptoms and ␤ 2 -agonist use in the preceding 2 weeks), as is recommended in the NAEPP EPR-3 guidelines, and long-term recall (symptoms in the preceding 12 months). Long-term recall is likely to be inaccurate, particularly for recall of symptom frequency. However, using only 2 weeks' recall would not take into account the inherent variability of asthma symptoms that results in individuals with asthma having changes in severity over time. In an analysis of five 12-week asthma trials in pediatric subjects, it was found that subjects frequently moved between severity groups. 15 We therefore elected to combine both short-and long-term recall of symptoms to determine symptom severity.
In a large study of 2 cohorts of children aged between 8 and 11 years, Stout et al 16 found that approximately one-third of children were reclassified with higher asthma severity when FEV 1 was added to symptom frequency to assess asthma severity. This contrasts with our finding that using percentage of predicted FEV 1 does little to change severity classification as determined by symptoms. In the Stout et al study, asthma was defined as a physician diagnosis of asthma and either a history of asthma symptoms or at least 1 hospitalization or at least 2 urgent care visits in the previous 6 months. We used a definition of asthma based on a self-reported history of current wheeze, and although the majority of subjects in our study appeared to have a previous asthma diagnosis, it is likely that our subjects had milder asthma than those in the Stout et al study. However, the unadjusted symptom severity distribution in our study was similar to that in the more severe cohort in the Stout et al study, where 57.4% of subjects had mild intermittent or persistent asthma and 42.6% of subjects had moderate or severe asthma. There was a difference between the 2 studies in the numbers of subjects demonstrating abnormal lung function (ie, a predicted FEV 1 Ͻ 80%), with 10.2% of subjects in our study and 16.7% and 28.2% in cohort 1 and cohort 2 of the Stout et al study, respectively. This suggests that overall lung function was better in our subjects and this likely accounts for the different effect of adding percentage of predicted FEV 1 to symptom severity in both studies.
Of the lung function parameters, only FEV 1 /FVC and percentage of predicted FEF 25%-75% showed any significant difference in asthma groups based on symptom severity (Table 2) . Similar results have been found in other studies of lung function in children. 4, 6 The authors of one of these studies have suggested that these parameters have greater sensitivity in measuring airflow obstruction and should be assessed when spirometry is performed.
6 FEF 25%-75% measures the average flow rate over the middle 50% of the FVC and is said to be more sensitive than FEV 1 in detecting small-airway obstruction. However, we found that adding percentage of predicted FEF 25%-75% to asthma symptoms resulted in little change in severity classification and that there was also no agreement between asthma symptom severity and percentage of predicted FEF 25%-75% . In addition to this, percentage of predicted FEF 25%-75% demonstrates high variability, making its use for monitoring asthma progression difficult. These results suggest that percentage of predicted FEF 25%-75% is not a useful tool for assessing asthma severity in this age group.
The median value for FEV 1 /FVC was less than 85%, the value defined as the cutoff for normality in the NAEPP EPR-3 guidelines for this age group, for the asthmatic population, and also for each symptom severity group. For the nonasthmatic group, the median value was 86%. These results suggest that a level of 85% for FEV 1 /FVC may be overestimating the number of young people with asthma with airflow obstruction. The value of 85% is taken from the National Health and Nutrition Examination Survey control data for this age group. 10 Because the percentage of predicted FEV 1 and FVC values for nonasthmatic adolescents in this study were all very close to 100%, suggesting that the reference values from the National Health and Nutrition Examination Survey were appropriate for use in New Zealand adolescents, it also suggests that a ratio of 85% for FEV 1 /FVC is appropriate for use in this study. In the large National Jewish Medical and Research Center study of lung function in children, the average value for the FEV 1 /FVC ratio was approximately 77% for males and 83% for females. 6 This group of children was recruited from a tertiary specialist cen-(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 162 (NO. 12), DEC 2008
